In recent years, due to the development of spatial econometrics, to study the innovation agglomeration with the view of space angle is attracting more attention. Based on 31 provinces in mainland China in 2004-2013 of the patent grant data using spatial econometric knowledge to analyze spatial agglomeration of innovation output, the results showed that: The innovation output is imbalance, the eastern coastal region innovation level is far greater than the Midwest, and the polarization phenomenon aggravates gradually; from the Moran's I index, innovation output is positive related in the space, and the geographical agglomeration phenomenon is not a random distribution, but there are specific rules; Durbin model shows that the area around the region has a significant impact on innovation output, and further calculates the strength of the influence of space effect. At last, this paper puts forward policy suggestions to improve innovation ability and make the balanced development of regional innovation.
Introduction
The concept of "innovation" is originated in "Introduction to Economic Development" published by the American economist Schumpeter in 1912. Schumpeter in his book stated: Innovation refers to the "new combination" of a new production factor and production conditions to introduce to the production systems. In the era of knowledge economy, innovation is the key of scientific and technological progress and the driving force of economic development. Therefore, the improvement of innovation ability is of great significance. China also at-taches great importance to innovation and puts forward to build innovative country from the twelfth five-year plan to eighth session of the National People's Congress. Therefore, innovation research factors have also been more and more attention. However, previous studies rarely involve innovative space concept. On the basis, this paper uses the spatial econometric methods to further study the innovative space distribution and its influencing factors.
Spatial Economic Theory (Anselin, 1988) holds that: A certain geographical phenomena on the regional economic space unit, or some property values on adjacent areas spatial units of the same phenomenon or attribute value is relevant, since the next position, resulting in the interaction space between the surface of things and phenomena and space spillover effect, and thus a certain spatial structure [1] . In terms of innovation activities, innovation output in a region is affected by both local innovation, economic level, the level of science and technology, institutional conditions and social and cultural factors, but also is closely related to the various elements of the surrounding neighborhood. Therefore, innovation output gathered in a particular region of spatial distribution. This is called spatial dependence or spatial correlation. It shows the consistency between the observations and the location, which means that specific location of the observation will be affected surrounding areas. Innovation output can be epitomized innovation capacity of a specific area. Therefore, this paper uses innovation output as the measuring indicators of innovation capability to describe and analyze spatial distribution characteristics of innovation. At the same time, the paper uses spatial econometric model to introduce the spatial concept to analyze the factors affecting the ability to innovate, in order to improve the ability to innovate and put forward policy recommendations for the regional innovation and balanced development.
Theoretical Basis
Endogenous growth theory thinks technological innovation as an important engine of economic development and the research of innovation has a long time. The traditional view regards the innovation process as a linear relationship between input and output. R&D funding, R&D investment and other factors can bring some innovation output [2] . This view exists two problems: first, too much emphasis is on the development process; the second is to be seen as entirely innovative production behavior. Modern innovative ideas view the innovation process in a more sociological perspective, as opposed to the traditional linear model, Kline and Rosenberg proposed interaction model [3] . The model assumes that numerous, repetitive feedback is an important source of innovation, and learning and collaboration are tools to generate feedback and interaction [4] .
In recent years, some domestic scholars have studied the spatial distribution of innovative agglomeration. Their research for innovation cluster is divided into two areas: on the one hand, from the spatial distribution of innovation activities in this area we have a study to analyze the geographical agglomeration of innovation with geography knowledge; on the other hand, existing research study not only the distribution of innovation activities, but also the reason for the distribution. The general emphasis on the phenomenon of innovation concentration has produced the field of theoretical studies of innovative clusters. In this paper, the situation and findings of research status on several fields of innovative clusters, such as the concept and connotation of innovative clusters, the classification of innovative clusters, the influence factors and Formation Mechanisms of innovative clusters, the topological structure and evolution mechanism of innovative clusters, also the intersection and merging of innovative clusters with other Relevant Areas, have been commentated, Some concluding expositions on deficiencies and research trend of innovative clusters has been put forward (Song Qi, 2010) [5] . Jianji Zhao (2009) [6] attempts to review thoroughly the data and indicators economic geographer used in conducting a study on the spatial measurement of innovation, and pointed out the shortages. Based on these questions, as well as the new challenge which proposed to the existed data and indicators derive from the enterprise strategy alliance, this paper proposed that in the spatial measurement of innovation, we must consider the multi-dimensional economy, the society and the political background in which the innovation occurred, and unify the concept of learning region to construct the new analytical framework. Fengchao Liu, Yang Ling, and Yutao Sun (2011) [7] based on the overview of the foreign research in the spatial concentration o f innovation, this paper summarizes the success and the main problems of present researches, and then point s out the developing tendency in future study. Yuming Wu (2006) [8] used a spatial constant-coefficient regression model which is called Spatial Lag Model and Spatial Error Model, and spatial varying-coefficient regression model which is called geographically weighted regression of spatial econometric methods, a spatial econometric analysis on research and experimental development (R&D) and innovation of China's 31 provincial regions is performed.
Spatial econometric analysis is performed. The global estimation results discover that enterprise R&D has contribution to the innovation capability of China's 31 provincial regions while university R&D does no t contribute obviously to the provincial innovation capability. The combination of university and enterprise does no t have positive impact on innovation also. The local geographically weighed regression estimation results show that enterprise R&D capability and human capital have positive impact on the provincial innovation competence. The spatial distribution pattern and regional structural characteristics of Chinese mainland innovative output are studied based on patent statistics on province level. Drawing on the average rate of industry focus areas and the indicator of market concentration, the results show that innovation concentrates in several provinces. In view of the spatial concentration characteristics of innovation output, we use Moran's I index to test the spatial autocorrelation which identifies whether the distribution of innovation agglomeration is random or deliberate (Wu Zi, 2010) [1] . By calculating the location quotient of the five high-tech industries and traditional manufacturing industries in China's regions, Lihua Zhang, Shanlang Lin (2010) [9] revealed spatial distribution of industrial innovation and production activities. Using spatial econometrics techniques, Li Jing (2013) [10] study the spatial integration features of Chinese region innovation based on data from 1998 to 2010 across 30 provinces in China. The theil entropy of output value, the Moran's I index and scatter plot indicate that it has inequality and integration of the development of the innovation among provinces. The spatial econometrics models of patent and contract amount indicate there are distinct correlation between the R & D funds and the output value of patent and contract amount. The influence level of R&D personnel investment and GDP to patent is remarkable, but it is not remarkable to contract amount. Models added factors of space prove the existence of spatial autocorrelation again, and its coefficient is given out [11] . Yuming Zhang, Li Kai (2008) [12] also think patent data as a measure indicator of innovation output and further noted a non-random distribution of Chinese provincial innovation output with Moran's I index showing different levels of innovation clusters and spatial dependence by using of Chinese mainland's 31 provinces patent data. Fayou Luo (2004) [13] found China's innovation output concentrated in the eastern coastal areas through the study of patent data. Han Jing (2013) [14] studied innovation efficiency of Chinese provinces in 2010 from green growth perspective by using of a four-stage DEA model including spatial econometrics.
The existing literature studied the spatial distribution of innovation outputs from two aspects: firstly, the existing literature analyzed innovation cluster index with spatial econometrics and gained the spatial dependence of innovation activities, but no empirical analysis; secondly, the existing literature carried on empirical analysis on the impact elements of innovation spatial distribution, but it did not explain the spatial distribution is generated randomly, or have a certain spatial correlation. Therefore, this paper analyzes the spatial distribution and autocorrelation of innovation output with 2004-2013 China's 31 mainland provinces data and study influencing factors of spatial autocorrelation of innovation output with spatial econometrics model to put forward policy recommendations. The eastern has maximum number, central and western regions lagging behind. However, the each province has some changes in the decade: the number of patents in most of the southeast coastal areas is in the first grade, but Liaoning, Tianjin, Fujian slightly changed, the number of patents in Liaoning has a downward trend over the years, Tianjin rises from the third level up to the second level, but there is a gap with the first level in general, Fujian has been in second grade, lagging behind other coastal areas, the number of patents increased in Hubei, but decreased in Jilin, Tibet, Qinghai has been at the lowest level. Both figures reflect spatial distribution of innovation output in China and show degree of strength of innovation activities. Color more severe, the more innovation output, innovation ability is stronger, otherwise weaker. Table 1 provides total overview of 10-year patent data in China. Table 1 may further be seen that nearly 10 years innovation mainly concentrated in the southeast coastal provinces. Compared with Yuming Zhang, Li Kai (2008), we can find in nearly 10 years Jiangsu has formed the largest innovation cluster instead of Guangdong. As can be seen from the cumulative percentage, the total number of patent in the top ten accounted for 80.25% of the total number of patents in China, cumulative percentage of the top five has exceeded half, accounting for 63.5%, these two data of previous studies were 74.23% and 52.67%. As it can be seen, the degree of innovation concentration in recent years is gathering more and more strongly. Although the absolute values are on the rise overall, but the gap between the mid-west and southeast coastal areas is increasing, especially after the ten provinces in the country only to 3.02%. This shows that the innovation exhibits the significant spatial polarization.
Spatial Distribution Characteristics of Innovation Output
The main reason of this polarization phenomenon is the unbalance of regional economic development. The southeast coastal areas have unique geographical advantage. With the forefront of reform and opening, economic development of southeast coastal areas is rapid to lead to the influx of a lot of talent, so with the cumulative cycle, the development is better and better. The western region is in bad location. Although the policy support, it is difficult to retain talent, leading to further economic development backwardness, lack of innovation motivation.
Spatial Correlation of Innovation Agglomeration
The third part of the analysis describes that innovation output shows a significant geographic clustering features in the spatial distribution. To test innovation output agglomeration is immediately occur, or the presence of a specific distribution, this paper will carry on spatial correlation test of patent data. We use most commonly used indicators in spatial statistics, namely the value of Moran's I, to verify spatial correlation between innovation outputs. Spatial autocorrelation tests fall into two categories: first is the global spatial autocorrelation test, which calculates the 2004-2013 Moran's I value and its significance test; second is partial autocorrelation test. In this paper it is shown patents granted to the Moran scatter plot in 2004 and 3013 and further illustrates spatial distribution of innovation output between the various provinces.
Moran's I Value Analysis of Global Spatial Autocorrelation Test
Before calculating the value of Moran's I, we need to build a spatial weight matrix between the various prov-inces, that is W ij , it defines the adjacent relationship between spatial objects. The general adjacent standard W ij is: 1 and are neighbor 0 and are not neighbor
The definition of "adjacent" is commonly used in two ways: that is rook and queen (rook and queen are chess pawn, rook can only cross walk and go straight, but in addition to cross walk and go straight, queen can also move diagonally). In the "rook" standard, the adjacent cells must have a length than zero common borders; in the "queen" standard, the common border could just short or a point of the boundary. Therefore, queen-based space adjacent matrix often has more closely associated with surrounding areas (with more neighborhoods). Based on it is mostly made up of many highly irregular polygons of Chinese provinces boundary, this paper uses "queen" standard to judge whether the two areas are adjacent. It generates weight matrix using the first-order of queen in Geoda.
After generating weight matrix, we make it standardized, that is, the sum of each row element is 1. Then we get the Moran's I formula with the standardized weight matrix: Moran's I It ranges between −1 to 1 of Moran's I value, usually interpreted as a spatial autocorrelation coefficient. At a given level of significance, through Z test, if Moran's I value is significantly positive, there is positive spatial autocorrelation, indicating the value of the same property together; if significant Moran's I value is negative, there is negative spatial autocorrelation, indicating the value of different properties together. [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . Agglomeration phenomenon of innovation output is not randomly generated, but has a specific distribution. Spatial agglomeration of innovation output shows strong spatial dependence characteristics. Areas with higher level of innovation tend to be close to other areas with a higher level of innovation, and vice versa. From the specific values of the table, in addition to individual years, Moran's I value of innovation output is gradually increasing trend, indicating that spatial concentration pattern of innovation output continues to strengthen. 
Moran Scatter Plot Analysis of Partial Spatial Autocorrelation Test
Global Moran's I index reveals the presence of innovation agglomeration in China. However, to analyze the innovation level of every province in China, we will carry out partial spatial autocorrelation analysis. Moran scatter plot is one of the main methods of partial spatial autocorrelation analysis. Coordinate points of Moran scatter plot are (x, Wx), linear relationship of x and spatial lag factor Wx carries on visualized 2D drawings. Because the weight matrix is standardized, it represents a weighted average of the neighboring region observations. Moran scatter plot divides the entire space contact into four quadrants, respectively to the four types of local spatial connection mode between provincial region and its adjacent areas: HH: high-high correlation, corresponding to the first quadrant, representing the spatial correlation model of the high observations units surrounded by high observations units; LH: low-high correlation, corresponding to the second quadrant, representing the spatial correlation model of the low observations units surrounded by high observations units; LL: low-low correlation, corresponding to the third quadrant, representing the spatial correlation model of the low observations units surrounded by low observations units; HL: high-low correlation, corresponding to the fourth quadrant, representing the spatial correlation model of the high observations units surrounded by high observations units. Quadrant I and III represent the positive spatial correlation, revealing gathering area and similarity. Quadrant II and IV indicate that there is a strong spatial negative correlation and regional heterogeneity. Therefore, Moran scatter plot identifies the local spatial agglomeration type of the units belonged to. Provinces with HH correlation are relatively stable, but provinces with LL correlation increase, indicating that while innovation capacity is rapidly increasing in China, some areas have poor innovation ability and no strong areas to rely on, leading to LL correlation rising. In addition, Moran scatter plot can also identify regional instability and atypical space, fourth quadrant. As can be seen from the data, the provinces located in negative space, contrary to the general pattern, are less and less. In the scatter plot of two years, Jiangxi, Guizhou and Guangxi are always in the second quadrant, LH correlation, representing low observation is surrounded by high observation, indicating their surrounding have good performance, but their own have poor performance, perhaps they should look for their own reasons. And Heilongjiang, Shaanxi, Sichuan and Liaoning has been in the fourth quadrant, representing due to their own reasons and policy development, although surrounded by low innovation capacity, they show a good trend of innovation.
Spatial Econometrics Analysis of Innovation Agglomeration

Index Selection and Data Sources
Explained Variables
There are many measuring indicators of innovation output, but the most commonly used is the two ways: the amount of patents granted and technology markets transactions contract amount. Considering some innovation output are not be traded in the market and there is a lot of innovation output are traded, having a certain amount, but innovation output may not be able to fully market oriented, so the technology market transactions contract amount may not reflect all the innovation output of the year. In view of this, this paper uses patents granted of innovation output in 2004-2013 as explained variables, because it reflects the true level of innovation output. Since the absolute data is too large, the paper data for all indicators have taken on logarithmic form, to reduce the error caused due to the different size.
Explanatory Variables
1) Gross Domestic Product: GDP. This paper selects GDP of China's regions as an explanatory variable of patents granted. The patent level is closely related to GDP, GDP is often higher, the more the number of its patent.
2) R&D capital investment: R&DEXP. In this paper, R&D capital investment of 10 years is selected as another explanatory variable of innovation output, because the number of R&D investment is closely related to the size of innovative output.
3) R&D personnel investment: R&DPER. In other conditions remaining unchanged, the number of R&D person and innovation output may show positive correlation.
Data Sources
The data of China's 31 provinces are particularly from the "China Statistical Yearbook" and "China Statistical Yearbook on Science and Technology" in 2004-2013. In this model, the subscript i and t denote the year t of region i; ε it is independent and identically distributed random error term with zero mean and σ 2 variance, W ij is weight matrix, the same meaning as above. This model takes influences of the spatial lag explained variables and explanatory variables to explained variables into account, but in order to simplify the analysis, this is not considering the spatial effect and the time effect, so the model is set to a mixed panel data.
Model
Empirical Results Analysis
According to 10-years data of China's 31 provinces, the paper uses maximum likelihood to estimate spatial Durbin model above in Stata. Results are in Table 4 .
Overall, the fitting effect of model is better, R 2 is 0.928. What's more, as column (1), the gross domestic product, R&D capital investment and R&D personnel investment have invested a positive impact on innovation output. GDP and R&D personnel investment is significant in the 1% significance level, and other conditions remaining unchanged, when the growth of GDP is 1%, innovation output increases 0.752%. The same investment in R&D personnel per 1% makes innovation output increase 0.484%. But the impact of R&D capital investment did not pass the significance test, this conclusion is not consistent with reality, due to improper data handling.
Column (2) shows the influence of GDP, R&D investment of surrounding provinces to innovation output of the province. It can be seen from the list, the results are not significant, indicating that the relationship is not close between GDP and R&D investment in the province and innovation output in neighboring provinces.
In column (3), results obtained are significant in the 1% significance level, indicating that innovation output in neighboring provinces and the province's innovation output are closely related. Innovation output exhibits positive spatial autocorrelation. The regions of strong innovation capacity usually are surrounded by the same ones, indicating location factors have a strong influence on innovation output, so innovation exhibits spatial agglomeration characteristics. 
Conclusions and Policy Recommendations
Economic geographers believe that geographical relevant statistics have space-dependent characteristics in spatial distribution, that is, the value of a property in an area is affected by the surrounding area, which mainly dues to first geography law: in geographic space adjacent phenomenon is more similar than the distant phenomenon [15] . In the study of the influences of R&D activities on innovation distribution, researchers find that knowledge spillovers lead to spatial agglomeration of innovation distribution. This paper uses 10-years data of China's 31 provinces to analyze innovation agglomeration. Firstly, the innovation output has agglomeration effect in the space. The visual map of China shows the spatial distribution of innovation: innovation output of the eastern regions accounts for two-thirds, the gap of eastern and western areas of innovation output is gradually widening. Secondly, this paper analyzes spatial autocorrelation with the knowledge of spatial statistics. Furthermore, Moran's I index and scatter plot from global and local analyze the polarization effects of innovation. Moran's I index shows that the geographic differentiation phenomenon is not randomly generated, but the result of positive space-related. Spatial agglomeration of innovation output on the global and local exhibits strong spatial dependence characteristics. Finally, the spatial Durbin model empirically analyzes innovation spatial agglomeration factors. The results showed that the geographic location factors significantly affect innovation, and innovation output will grow as GDP and R&D investments are increasing. Policy implications of this paper is that innovation policy makers not only consider their own factor conditions, but also make full use of innovation agglomeration, location advantages, knowledge spillovers, spatial dependence and other geographical conditions in formulating regional innovation policy to increase regional exchanges, expand the scope and intensity of innovation radiation and realize win-win. Especially in the Midwest regions, they can send technical personnel to leading innovation regional to learn or make the projects with significant impact on the regional economic development settled into the leading technology region and establish R&D bases to achieve rapid growth in the innovation output.
